Abstract. The aim of this work was to develop a simple and fast yet robust algorithm for segmentation of objects in log-polar space. Assuming that some interesting parts of an image are selected by fixation of point of attention, pixels located close to fixation points are transformed to a log-polar space, then edge detection is performed. As a final step, detected edges are processed in a specific manner, which should lead to obtain boundaries of objects. After some smoothing, the detected boundaries are transformed back to a Cartesian space and are superimposed on an original image in order to show results of segmentation.
Introduction
Analysis of whole image in Cartesian space is a timeconsuming task due to a large amount of data that is necessary to process, so different techniques for reducing the complexity of this process were developed. Among them, a log-polar transform [2] is widely used, especially for object recognition [5, 6] . One of its important feature is the ability to significantly reduce the number of pixels without sacrificing of image quality -at least near the Specific distorsions introduced by this transform on image borders are the main reasons that it is used mainly on final steps of image analysis, i.e. object recognition. Earlier stages of analysis as image enhancement, edge detecion and segmentation are performed usually in Cartesian space, which is quite reasonable as every distortion could lead to inferior results of processing. However, this lead to dealing with a lot of data and some of this data are not important (e.g. background areas).
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Processing based on fixations at points of attention is a more "intelligent" method of working with images -it corresponds to a way in which a human sees and analyses an image. In this approach, it is necessary to analyse only small part of an image, then the point of attention is fixed on another area which is analysed, and so on. Fixations can be selected by a human or automatically. The first solution is simple but slow due to interactions with a user. More promising is the second one -it is more challenging but it allows to create fully automatic system for image analysis. This solution was chosen, among other researchers, by Mishra et al. [7, 8] . They proposed an algorithm for selecting candidates for "good" points of attention. However, their solution is very complicated and time-consuming, as significant amount of processing is performed in Cartesian space. Also, they choose polar space transform which does not reduce data as well as in log-polar case.
The aim of this study was to develop a simple algorithm for segmentation of objects in log-polar space, assuming that fixation points are given. The key issue was to perform all necessary operations only in log-polar space, as it should allow for dealing with small amount of data thus giving the possibility of working in real-time. The selecting fixations (points of attention) was not in scope of presented work.
Image segmentation
Image segmentation is one of the most difficult task in It is caused by quite different relations between neighboring pixels in both spaces -pixels located in the same manner in Cartesian space (so distances between them are the same), differ in distances in log-polar space.
Proposed solution
For all of those presented reasons it was necessary to develop a fast and uncomplicated method for segmentation in log-polar space. As a consequence of fixations on rather small parts of an image, in most cases only one object should be visible and detected. This fact significantly simplifies process of segmentation. As methods based on regions give good results only on "well-defined" objects, which is not the case when log-polar transform is used due to introduced distortions and averaging (it can be seen in Fig. 1) , it was decided to use a method based on edge detection.
As it was mentioned earlier, relationships between pixels in Cartesian and log-polar spaces are different, which is shown in Fig. 2 . Linear changes in pixel intensity in Cartesian space are transformed into nonlinear changes in log-polar space -this clearly can be seen in Fig. 3 . This could lead to amplifying edges located farther from center of transformation. To prevent this effect, authors of work [2] suggest to multiply log-polar image by e −ρ , where ρ is distance from the center of transformation.
However, such operation would have some undesirable results: enhancing subtle edges within an object and making them hard to distinguish from a "true" object boundaries (i.e. outer edges). Because the goal of proposed method is to obtain object boundary, suggested correction was not performed.
Fixations would be usually located in areas that contain objects, so the center of log-polar transformation would be placed somewhere inside an object. This means that in log-polar space it would be sufficient to detect edges only in horizontal direction (i.e. along radius or distance from center of transformation). Many of such detectors are described in detail in works [3, 9] , and, especially when experiments are conducted in MATLAB environment, in [4] .
In proposed method a Sobel detector working only in horizontal direction was used. During the next step edges are thinned and those with very small areas are removed -it can be considered as a way of edge "cleaning". These actions could be probably omitted when a better edge detector would be used. Also, they are pointless when there is only one object on transformed image. Then, the log-polar image is scanned line 52 Z. Bubliński, P. Pawlik It is worth to mention, that the proposed method could be also used with color images -only edge detector needs to be changed, but it will significantly complicate the whole process thus making it much more timeconsuming. 4
The results It can be seen that both measures have reasonable low values (except for Object 1, due to different localization of lower border of object) and this means that both edges do not differ much. However, it should be noted that images in log-polar space contain 16 times less pixels than Achieved effects can be seen in Fig. 9 . Only one car was partially segmented, due to small differences between roof of this car and surrounding background. 
Summary
The presented method allows to segment an object in logpolar space. During tests on different images very promising results were obtained. In most cases object was segmented correctly. Partially segmentation happens on low quality images and when the attention point was fixated at a wrong place (i.e. not inside of an object). After some optimizations, algorithm can be used in real-time applications, as only small amount of data needs to be processed -typical log-polar images contain from hundreds to a few thousand of pixels. The future research will be focused on improving of edge detector. Also, some new methods for removing unwanted edges and filling gaps in edges, should be tested.
